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(54) Led device having ditiuse reflective surface 

(57) Provided is an LED device having a diffuse re- 
flective surface which includes an LED chip emitting light, 
a reflector cup having the LED chip arranged at a bottom 
surface thereof and having an angled surface which dif- 
fusely reflects the light emitted by the LED chip, and a 



light conversion material provided in the reflector cup and 
converting the light emitted by the LED chip into visible 
light rays. The light-conversion material is spatially sep- 
arated from the LED chip by a length equal or greater 
than the maximum length of the LED chip. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a light emitting diode (LED) device, and more particularly, to an LED device 
which employs a large spatial separation between a luminescence-generating semiconductor and a phosphorescence- 
generating light-conversion material and has a reflector cup having a diffuse reflective surface to diffusely reflect light, 
thus improving a luminous efficiency. 

[0002] Light emitting diode (LED) devices convert ultraviolet light rays or blue light rays emitted from an LED chip into 
10 visible light rays that have a longer wavelength. Recently, the LED device draws wide attention for its function of emitting 
white light or visible light rays of various colors. For example, in a white LED device, an ultraviolet ray emitted from the 
LED chip excites a phosphor. Then, the three primary colors of light, that is, red (R), green (G), and blue (B) visible rays, 
or yellow (Y) or blue (B) visible rays are emitted from the phosphor. The visible color rays emitted from the phosphor 
vary dependent on the composition of the phosphor. These visible rays combined with each other result in white light 

15 to the eyes of a human. 

[0003] FIG. 1 is a sectional view of a conventional lamp type LED device that is disclosed in U.S. Patent No. 6,069,440. 

Referring to FIG. 1, a lamp type LED device 10 includes a mount lead 11 and an inner lead 12. An LED chip 14 is 

installed in a reflector cup 20 that is formed in the upper portion of the mount lead 1 1 . The LED chip 1 4 has an n electrode 

and a p electrode which are electrically connected to the mount lead 1 1 and the inner lead 12, respectively, by a wire 

20 15. The LED chip 14 is covered by a phosphor layer 16 that is a mixture of phosphor and transparent encapsulant. 

These constituent elements are surrounded by a seal substance 17. The reflector cup 20 is coated with silver (Ag) or 

aluminum (Al) for the high reflection of visible light rays. 

[0004] FIGS. 2A, 2B, and 2C show various arrangements of the phosphor in the reflector cup 20. Referring to FIGS. 

2A, 2B, and 2C, the LED chip 14 is arranged at the bottom of the reflector cup 20. Phosphors 22 are distributed in the 
25 transparent encapsulant 1 6 in the reflector cup 20. 

[0005] FIG. 2A shows the distribution of the phosphors 22 that are resolved in the transparent encapsulant (coating 

resin or polymer) 1 6 in the reflector cup 20. The LED chip 1 4 emits luminescence that excites the phosphors 22 to emit 

phosphorescence. Part of the phosphorescence collides against the su rf ace of the LED chip 1 4 to be reabsorbed thereby. 

Thus, the luminous efficiency is lowered. 
30 [0006] FIG. 2B shows that the phosphors 22 are distributed on the surface of the LED chip 1 4. in this case, a probability 

that the phosphorescence of the phosphors 22 collides against the LED chip 14 increases so that the luminous efficiency 

is reduced. 

[0007] FIG. 2C shows that the phosphors 22 are separated from the LED chip 14. In this case, the probability that the 
phosphorescence directly collides against the LED chip 14 is relatively lowered. 

35 

SUMMARY OF THE INVENTION 

[0008] To solve the above and/or other problems, the present invention provides an LED device having a diffuse 
reflective surface which improves the luminous efficiency by lowering the probability that phosphorescence collides 
40 against the LED chip. 

[0009] According to an aspect of the present invention, an LED device having a diffuse reflective surface comprises 
an LED chip emitting light, a reflector cup having the LED chip arranged at a bottom surface thereof and having an 
angled surface which diffusely reflects the light, and a light conversion material provided in the reflectorcup and converting 
the light emitted by the LED chip into visible light rays. 
45 [0010] The angled surface is processed to be rough. The amount of light reflected at the angled surface decreases 
as a reflection angle with respect to the perpendicular plane of the angled surface increases regardless of an incident 
angle of the light to the angled surface. The light conversion material is a phosphor that is excited by the light emitted 
from the LED chip to emit visible light rays. 

[001 1] The phosphor forms a phosphor layer in an upper portion of the reflector cup to be separated from the LED 
50 chip. The phosphor is spatially separated from the LED chip by a length equal or greater than the maximum length of 
the LED chip. The phosphor can be a single phosphor material or a plurality of phosphor materials that form a plurality 
of visible color rays, and the phosphors are mixed with one another. 

[001 2] The phosphor is a plurality of phosphors that form a plurality of visible color rays, and the phosphors are stacked 
in multiple layers. A convex portion is formed on an upper surface of the encapsulant material. The convex portion can 
55 have a hemispheric shape. The LED chip is formed of lll-V group nitride-based semiconductor compounds. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The above and other features and advantages of the present invention will become more apparent by describing 
in detail preferred embodiments thereof with reterence to the attached drawings in which: 

5 

FIG. 1 is a sectional view of the conventional lamp type LED device; 

FIGS. 2A, 2B, and 2C are sectional views showing the arrangements of phosphor in the reflector cup, especially 
FIG. 2C shows the principle of the present invention. 
FIG. 3 is a view for explaining the principle of the present invention; 
10 FIG. 4 is a graph showing the relationship of light reflection on a specular mirror surface and a diffuse surface of 

the reflector cup; 

FIGS. 5A, 5B, 5C, and 5D show four cases in a ray tracing test for an LED device having a reflector chip with a 

diffuse surface according to an embodiment of the present invention and the conventional LED device having a 

reflector cup with a specular mirror surface; 
15 FIG. 6 is a table showing the result of a ray tracing simulation; 

FIG. 7 is a view illustrating the sizes of the reflector cup and the LED chip used for the simulation of FIG. 6; 

FIG. 8 is a graph showing the light extraction efficiency according to the height of the reflector cup; 

FIG. 9 is a table showing the light conversion efficiency according to the types of the reflection surface and the 

positions of the phosphor of the reflector cup; and 
20 FIG. 1 0 is a graph showing the change of the light extraction efficiency according to a convex portion which is formed 

on the reflector cup with the diffuse surface. 

DETAILED DESCRIPTION OF THE INVENTION 

25 [0014] Referring to FIG. 3, the LED chip 14 that is a light emitter is installed on the bottom surface of a reflector cup 
40. The reflector cup 40 is filled with a light transmitting material 46. A light conversion material for receiving light and 
outputting visible light rays having a longer wavelength is formed in the upper portion of the reflector cup 40. The light 
conversion material may be a plurality of phosphors 22 emitting a plurality of visible color rays or quantum dots. The 
inner surface of the reflector cup 40 including an angled surface is a diffuse surface 40a that is processed to be rough 

30 to emit diffuse. The diffuse surface 40a may be a rough surface obtained by, for example, sand blasting a metal surface. 
The phosphors 22 form a phosphor layer which is separated a predetermined distance from the LED chip 14. Because 
the phosphor layer is spatially separated from the LED chip 1 4, the probability that the phosphorescence directly collides 
against the surface of the LED chip 14 Is lowered. 

[0015] The phosphor layer can be formed by mixing the plurality of phosphors 22 that form a plurality of visible color 
35 rays. Alternatively, the phosphor layer may be a plurality of layers composed of a plurality of phosphors that form a 
plurality of visible color rays. The light transmitting material 46 can be made of a transparent material such as epoxy 
resin, silicon, or PMMA, capable of transmitting the light from the LED chip 14. 

[0016] The LED chip 14 is formed of lll-V group nitride-based semiconductor compounds. A ray 2 of the phosphores- 
cence that the phosphors 22 having received the light from the LED chip 1 4 emit collides against the surface of the LED 
40 chip 1 4 so that 50% of the ray 2 is absorbed by the LED chip 1 4. Rays 1 and 3 are incident upon the angled surface of 
the reflector cup 40 at an angle and reflected as a diffuse light. At this time, only the part of the diffuse light collides 
against the LED chip 14 and most of the diffuse light is emitted to the outside. Thus, the probability that the phospho- 
rescence is reflected and collides against the LED chip 14 is lowered. 

[0017] The intensity of the diffuse light is proportional to a cosine function as shown in the following formula according 
45 to the angle of a diffuse surface with respect to a vertical plane of a diffuse surface regardless of the incident angle to 
the diffuse surface. 



so J r cccos0 [Formula 1] 

[001 8] Here, l r denotes the intensity of a reflected light and 0 denotes the angle of the reflection from the perpendicular 
direction of the diffuse surface. The diffuse surface can be obtained by sand blasting the reflection surface of the reflector 
55 cup 40 or by spraying nano-sized Ag or Al. 

[0019] FIG. 4 is a graph showing the relationship of light reflection on a specular mirror surface and a diffuse surface 
of the reflector cup. Referring to FIG. 4, when the incident angle of light at a silver (Ag) coated reflective surface is 40°, 
the specular mirror surface shows the intensity of the light at the reflective angle of 40° to be high as a level of about 
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1 0" However, for the sand-blastered diffuse surface, the light intensity at the reflective angle of 40° is a level of about 
1 oz At a different angle, the light intensity at the diffuse surface shows greater by 2 orders than that at the reflection 
surface. Thus, the sand-blastered reflective surface exhibits the characteristics of both diffuse surface and specular 

r0020] SU RQS 5A 5B, 5C, and 5D show four cases in a ray tracing test for an LED device having a reflector cup with 
a diffuse surface according to an embodiment of the present invention and the conventional LED device having a reflector 
cup with a specular mirror surface. FIGS.5A and 5B show cases in which the phosphors 22 are distributed ins.de the 
reflector cup 40 while FIGS. 5C and 5D show cases in which the phosphors 22 form a layer at the top portion of the 
reflector cup 40. FIGS. 5A and 5C show the reflector cup 40 having a specular mirror surface 40b while FIGS. 5B and 
5D show the reflector cup 40 having a diffuse surface 40a. 

[0021] FIG 6 is a table showing the result of a ray tracing simulation. FIG. 7 is a view illustrating the sizes of the 
reflector cup 40 and the LED chip 14 used forthe simulation of FIG. 6. Here, a phosphor light source (not shown) having 
a wavelength of 550 nm is a cylinder type source having a thickness of 100 ^.m that is regularly distributed. Referring 
to FIGS. 6 and 7, the refractive index n „ of the seal epoxy is 1 .6, the refractive index n phosphor of the phosphors 22 
is 1 .82, the reflectance R Ag refleclor of the surface of the reflector cup 40 is 95%, the reflectance R LED chip of the LED chip 
1 4 is 50% the thickness of the LED chip 1 4 is 1 00 pn, and the size of the LED chip 1 4 is 300 x 300 juti. The table 
of FIG. 6 Is a light extraction efficiency according to the change in the length b from the LED chip 14 to the angled 
surface, the change in the height h of the reflector cup 40, and the angle 6 of the angled surface. 
[00221 FIG 8 is a graph showing the light extraction efficiency according to the height of the reflector cup 40. Referring 
to FIG 6 and 8 when "h" is 1 mm, "G" is 45°. and "b" is 150 nm, it is noted that the light extraction efficiency in the case 
in which the phosphor is located at the top portion of the reflector cup 40 is higher than that of the case in which the 
phosphor is located inside the reflector cup 40. Also, the light extraction efficiency of the reflector cup 40 having the 
diffuse surface is higher than that of the reflector cup having the specular mirror surface. This improvement in the light 
extraction efficiency results from the decrease in the probability of the re-absorption of light by the LED chip 14. 
[0023] FIG 9 is a table showing the light conversion efficiency according to the types of the reflection surface and the 
positions of the phosphor at the reflector cup. The light conversion efficiency is a result of calculating the amount of a 
decrease in the light amount from the LED chip 1 4 as the light conversion amount in the phosphor. 
[0024] Referring to 9, when a blue phosphor is excited by an UV LED, the light conversion efficiencies of the case in 
which the reflective surface is the specular mirror surface and the phosphor forms the top layer in the reflector cup 40 
and the case in which the reflective surface is the diffuse surface and the phosphor forms the top layer in the reflector 
cup 40 are respectively 1 3.1 % and 27% higher than that of the case in which the reflective surface is a specular mirror 
surface and the phosphor is located inside the reflector cup 40. In the case in which a blue LED excites the yellow 
phosphor, when the reflective surface is the diffuse surface and the phosphor forms the top layer in the reflector cup 40, 
the light conversion efficiency is improved. 

[0025] FIG 1 0 is a graph showing the change of the light extraction efficiency according to a convex portion which is 
formed on the reflectorcup 40 with the diffuse surface. Referring to FIG. 10, the result of the ray tracing simulation shows 
that the light extraction efficiency increases when the surface of the reflector cup 40 is convex than flat. 
[0026] As described above, according to the LED device according to the present invention, the light extraction effi- 
ciency can be easily improved by processing the reflective surface of the reflector cup to be rough. Also, the light 
extraction efficiency can be improved by arranging the phosphor at the top portion of the reflector cup. Thus, since the 
overall light conversion efficiency of the LED device is improved, the amount of output light is increased. 
[0027] While this invention has been particularly shown and described with reference to preferred embodiments thereof , 
it will be understood by those skilled in the art that various changes in form and details may be made therein without 
departing from the scope of the invention as defined by the appended claims. 



Claims 

1. An LED device having a diffuse reflective surface, the LED device comprising: 

an LED chip emitting light: 

a reflector cup having the LED chip arranged at a bottom surface thereof and having an angled surface which 

diffusely reflects light; and _ . 

a light conversion material provided in the reflector cup and converting the light emitted by the LED chip into 

visible light. 

2. The LED device as claimed in claiml , wherein the angled surface is processed to be rough. 
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3. The LED device as claimed in claim 2, wherein the amount of light reflected at the angled surface decreases as a 
reflection angle with respect to a perpendicular direction to the angled surface increases regardless of an incident 
angle of the light to the angled surface. 

4. The LED device as claimed in any preceding claim, wherein the light conversion material is a phosphor that is excited 
by the light emitted from the LED chip to emit visible light. 

5. The LED device as claimed in claim 4, wherein the phosphor forms a phosphor layer in an upper portion of the 
reflector cup separated from the LED chip. 

6. The LED device as claimed in claim 5, wherein the phosphor is separated by a distance equal or greater than the 
maximum length of the LED chip from the LED chip. 

7. The LED device as claimed in claim 5 or 6, wherein the phosphor is a plurality of phosphors that form a plurality of 
visible color rays, and the phosphors are mixed with one another. 

8. The LED device as claimed in claim 5, 6 or 7, wherein the phosphor is a plurality of phosphors that form a plurality 
of visible color rays, and the phosphors are stacked in multiple layers. 

9. The LED device as claimed in claim 5, 6, 7 or 8, wherein a convex portion is formed on an upper surface of the 
phosphor layer. 

10. The LED device as claimed in claim 9, wherein the convex portion has a hemispheric shape. 

11. The LED device as claimed in any preceding claim, wherein the LED chip is formed of lll-V group nitride-based 
semiconductor compounds. 

12. An LED device, the LED device comprising: 

an LED chip emitting light: 

a reflector cup having the LED chip arranged at a bottom surface thereof and having an angled surface which 
reflects light; and 

a light conversion material provided in the reflector cup and converting the light emitted by the LED chip into 
visible light, 

wherein the light conversion material is separated over the LED chip. 

13. The LED device as claimed in claim 12, wherein the light conversion material is a phosphor that is excited by the 
light emitted from the LED chip to emit visible light 

14. The LED device as claimed in claim 13, wherein the phosphor is separated by a distance equal or greater than the 
maximum length of the LED chip from the LED chip. 
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FIG. 1 (PRIOR ART) 
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FIG. 2 A 
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FIG. 7 
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FIG. 9 
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FIG. 10 
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